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TO ALL WHOM IT MAY CONCERN: 



BE IT KNOWN THAT WE, Nobuhiko Eguchi , a citizen of 



Japan residing at Fukuoka, Japan and Katsuhiko Yamatsu, a 
citizen of Japan residing at Fukuoka, Japan have invented 
certain new and useful improvements in 



METHOD AND APPARATUS FOR TESTING 
AN INFORMATION NOTIFICATION SERVICE 



of which the following is a specification : - 
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TITLE OF THE INVENTION 

METHOD AND APPARATUS FOR TESTING AN 
INFORMATION NOTIFICATION SERVICE 



5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to 
a method and an apparatus for testing an information 
notification service, and more particularly to a 
10 method and an apparatus for testing an information 
notification service using a voice band data 
transmission interface for an analog subscriber of a 
switching apparatus . 

2. Description of the Related Art 



"4 15 Recently, so-called the information 

=g notification service using a voice band data 

sj transmission interface for an analog subscriber is 

£d world-wide spreading. In Japan, NTT (Nippon 

Telephone and Telegram) provides the information 
Q 20 notification service (Number Display) using 

|*3 telephone lines. The information notification 

services, such as a VDTI (Voiceband Data 
i;3 Transmission Interface) provided by Bellcore and a 

CLIP-A (Calling Line Identification Presentation for 
25 Analog Lines) provided by ETSI (European 

Telecommunication Standard Institute) are also 
standardized . 

Therefore, it is important to provide 
services stably and to enhance service quality and 
30 to achieve a test method and technology for 
detecting a fault quickly. 

Conventionally, a voice band data 
transmission interface test system for the switching 
apparatus has been described in a prior art, for 
35 example, Japanese Patent application Number 09- 
284117. In the prior art, a dedicated test 
apparatus which tests the information notification 
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service for only one specification (Bellcore 
specification) is described. 

Recently, the switching apparatuses are 
wild-wide exported. Therefore, the switching 
5 apparatus has to be equipped with an information 
notification service function according to the 
specification of a country to which the switching 
apparatus are exported. Therefore, it is not cost- 
effective to design and produce each test apparatus 
10 which only meets one specification for testing each 
of the information notification service at the 
production site, and furthermore, it is complicated 

=3 for user for maintenance of the system. 

■J3 

m 

M 15 SU MM ARY O F T HE I N VE NTION 

: ? It is a general object of the present 

%j invention to provide a method and an apparatus for 

•« a 3 testing an information notification service, in 

j° A which the above disadvantages are eliminated. 

i;3 20 A more specific object of the present 

i; 3 invention is to provide a method and an apparatus 

j«3 for testing an information notification service, 

C3 which can efficiently test various information 

notification service function with a simple 
25 construction. 

The above objects of the present invention 
are achieved by a testing method which is used to 
perform a test of an information notification 
service function of a switching apparatus which can 
30 provide the information notification service in 
compliance with a predetermined information 
notification service specification. The testing 
method comprises a step of performing an information 
notification service function between a testing 
35 apparatus which can emulate a plurality of types of 
information reception terminals for different 
information notification service specifications and 



-3- 



the switching apparatus which can connect a 
subscriber side two-wire in a subscriber line 
circuit in the switching apparatus to the testing 
apparatus . 

5 According to the invention, it is possible 

to effectively test the information notification 
service function of the switching apparatus which 
can provide the information notification service in 
compliance with a predetermined information 
10 notification service specification using a simple 
testing apparatus . 

i: J BRIEF DESCRIPTION OF THE DRAWINGS 

yji Other objects, features and advantages of 

^ 15 the present invention will become more apparent from 

Jq the following detailed description when read in 

N! conjunction with the accompanying drawings, in 

which : 

n 

Fig.l shows a principle of the present 

j =3 20 invention; 

ir j Fig. 2 shows an information notification 

Q service test method of a first embodiment according 

•3 to the present invention; 

Fig. 3 shows a block diagram of a test 
25 apparatus of the first embodiment according to the 
present invention ; 

Fig. 4 shows a test sequence of the 
Information notification service for an NTT 
specification; 
30 Fig. 5 shows the NTT specification of the 

information notification service; 

Fig. 6 shows the NTT specification of the 
information notification service; 

Fig. 7 shows the NTT specification of the 
35 information notification service; 

Fig. 8 shows a test sequence of the 
information notification service for a Bellcore 
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specif ication ; 

Fig. 9 shows the Bellcore specification of 
the information notification service; 

Fig. 10 shows the Bellcore specification of 
5 the information notification service; 

Fig. 11 shows a test sequence of the 
information notification service for an ETSI 
specification; 

Fig. 12 shows the ETSI specification of the 
10 information notification service; 

Fig. 13 shows an information notification 
service test method of a second embodiment according 
O to the present invention; 

m Fig. 14 shows a test sequence of the 

'-4 15 information notification service for the second 

■ a 

t g embodiment according to the present invention; 

%J Fig. 15 shows an information notification 

^0 service test method of a third embodiment according 

i sA to the present invention; 

i;3 20 Fig. 16 shows an information notification 

;*» service test method of a fourth embodiment according 

q to the present invention; 

□ Fig. 17 shows an FSK signal which is 

described in the prior art; 
25 Fig. 18 shows an embodiment of an FSK 

demodulator of the present invention; 

Fig. 19 shows another embodiment of an FSK 
demodulator of the present invention; 

Fig. 20 shows the operation of the zero 
30 crossing point calculation means; 

Fig. 21 shows the operation of the zero 
crossing point calculation means; 

Fig. 22 shows an operation of the 
mark/space transition point calculation means; 
35 Fig. 23 shows a relation between the 

transition point from a mark to a space and the data 
bits ; 
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Fig.24 shows each bit position from an 
point A where a start bit begins; and 

Fig. 25 shows a construction of an 
embodiment of the information notification service 
5 testing apparatus of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Next, an embodiment according to the 
present invention will be explained. The same 
10 reference numerals show the same component. 

A first embodiment according to the 
present invention will be explained. 
L 3 Fig.l shows a principle of the present 

^ invention. 

'"'4 15 In Fig.l, a system for testing has a 

^1 switching apparatus 10, subscriber information 

: Q reception terminals (analog telephones) 50, 

!j 0 subscriber lines of a metallic two-wire 21, a 

l*^ network switch (NSW) 11, subscriber line circuits 

C3 20 (SLC) 12, a test access relay 12a, a subscriber 

j'jj circuit 12b, a testing apparatus 13 which can 

i';g emulate information reception terminals for a 

£3 plurality of specifications, a called line 

identification output apparatus 14 with a voice band 
25 data transmission interface which can output an FSK 
signal, a controller 15 which controls main 
functions, such as a call control and the 
information notification service control and its 
testing of the switching apparatus, a control bus 18, 
30 a signal line (SCAN-SD) 19 which is used to 

communicate signaling information between the 
controller and blocks, such as the SLC 12, a call 
line 20 which carries PCM voice data including the 
FSK data, a test line 22 of the subscriber circuit 
35 12. For a test of the information notification 
service function in the information reception 
terminal 50 x , first, the call line 20 is connected 
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to the test line 22 1# so that the call line 20 is 
connected to the testing apparatus 13. Then, the 
testing apparatus 13 emulates the information 
reception terminal 50 x of the destination and the 
5 test of the information notification service 
function is performed. 

Fig. 2 shows an information notification 
service test method of a first embodiment according 
to the present invention. In this embodiment, it is 
10 possible to test the information notification 

services for a plurality of specifications, such as 
the NTT, the Bellcore, the ETSI , and so on. 
13 In Fig. 2, a communication interface 17 and 

;ji a console 60 to execute and manage the information 

4 15 notification service test are added to the 

k ? construction as shown in Fig.l. 

a 

The switching apparatus 10 is normally 
iO produced to comply with a predetermined 

^ specification as well as the information 

3 20 notification service function. The switching 

3 apparatus 10 provides the information reception 

terminal with the information notification service 
for the predetermined specification of a destination, 
This embodiment of the present invention can 
25 efficiently test the information notification 

service function when the switching apparatus 10 
employs any information notification service 
function . 

The controller 15 of the switching 
30 apparatus 10 has a software for testing the 

information notification service function for the 
predetermined specification, or the software for 
testing the information notification service 
function is downloaded by the console 60. On the 
35 other hand, the test apparatus 13 has a minimum 
hardware circuit to test the information 
notification service function for the plurality of 
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specif ications and the testing software to control 
the minimum hardware circuit to adapt the 
specifications. The testing software in the test 
apparatus 13 is selected by means of the a 
5 specification information or an instruction issued 
by the switching apparatus 10, or is downloaded from 
the switching apparatus 10. 

For testing the information notification 
service function for the information reception 
10 terminal 50 1# first, the test access relay 12a in 

the subscriber line circuit 12 x is activated under a 
control of the console 60. As a result, a 
Q subscriber line of a subscriber circuit 12b is 

;S connected to the test line 22,, so that the 

\} 15 subscriber circuit 12b is connected to the testing 

!i 3 apparatus 13. Then, the testing apparatus 13 

emulates the information reception terminal 50 1 of 
v3 the destination and the test of the information 

j| notification service function is performed. As a 

q 20 result, the components of the switching apparatus 10, 

£3 such as the CLI 14, the NWS 11 and the SLC 12, , 

q which are necessary for the information notification 

u3 service, are tested efficiently without using the 

subscriber information reception terminal 50^ 
25 Fig. 3 shows a block diagram of the testing 

apparatus 13 of the first embodiment shown in Fig. 2 
according to the present invention. This test 
apparatus can emulate the information reception 
terminal for a plurality of the specifications, such 
30 as the NTT specification, the Bellcore specification 
and the ETSI specification. The testing apparatus 
13 as shown in Fig. 3 has a voice band data 
processing part 25 which generates, transmits, 
receives and analyzes the voice band data, such as 
35 the PCM data and an PSK information notification 

data, a digital signal generation and transmission 
part 25a, a digital signal reception and analysis 
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part 25b, a codec 26 to make a conversion between 
the PCM data and an analog voice signal, an A/D 
converter, a D/A converter, a two-wire/four-wire 
conversion circuit 27, a controller 28 to control 
5 the testing apparatus 13 for emulation of the 

information reception terminal 50 and notification 
of a test result, a power polarity (normal/reversal) 
detection circuit 29 for the test line 22, an on- 
hook/of f -hook circuit 30 which makes the test line 
10 22 in the on-hook state to disconnect a DC loop or 
the off-hook state to connect the DC loop, an 
activation signal detection circuit 31 to detect the 
activation signal for the information reception 
circuit, a ringing signal detection circuit 32, 

-4 15 other circuits 33 which is provided to exchange 

■ n 

p various control signals and a digital interface 34 

connected to the signal line 19 of the switching 
=Q apparatus 10. Most of these circuits are used for 

\ the plurality of the specifications, however, the 

;3 20 on-hook/of f -hook circuit 30 and the activation 

|j signal detection circuit 31 are only for the NTT 

;3 specification. 

The codec 26 has the same function as that 
of the normal codec in the subscriber circuit 12b as 
25 shown in Fig. 2. When the voice band signal is 

transmitted, the PCM voice signal from the digital 
signal generation and transmission part 25a is 
converted into an analog signal and the analog 
signal is output to the two-wire/four-wire 
30 conversion circuit 27. On the other hand, the 

analog signal from the two-wire/four-wire conversion 
circuit 27 is converted into the digital signal by 
the A/D, and the digital signal is output to the 
digital signal reception and analysis part 25b. The 
35 PCM conversion rules, such as an A-law and a M - law 
comply with the specifications. 

On the other hand, when the FSK signal is 
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exchanged, the FSK information data from the digital 
signal generation and transmission part 25a is 
converted into an analog FSK signal and the analog 
signal is output to the two-wire/four-wire 
5 conversion circuit 27. The analog FSK signal from 
the two-wire/four-wire conversion circuit 27 is 
converted into the FSK information data by the A/D, 
and the FSK information data is supplied to the 
digital signal reception and analysis part 25b. 
10 The two-wire/four-wire conversion circuit 

27 can select a subscriber termination impedance 
according to an instruction from the controller 28 
Q to meet the specification. 

!~ The controller 28 is preferably 

sj 15 constructed by a micro-processor (CPU) or a 

*y programmable device, such as an FPGA, to adapt the 

Q plurality of the specifications. Theses devices 

-'Id have flexibility to change the processing according 

J 5 ^ to the software instruction or station data issued 

□ 20 by the switching apparatus, or to meet the test 

j *3 specification of the destination. 

in 

j<=j The voice band data processing part 25 is 

Q preferably constructed by a DSP (digital signal 

processor) or a programmable device, such as the 

25 FPGA, to adapt the plurality of the specifications. 
These devices also have flexibility to change the 
processing according to the software instruction or 
station data issued by the switching apparatus. 
Furthermore, it is possible for these devices to 

30 adapt the test, such as a measurement of a frequency 
and a signal level by downloading the DSP execution 
program or circuit information of the FPGA. As a 
result, it is possible to efficiently use the 
testing apparatus 13 for testing the information 

35 notification service for a plurality of the 
specifications . 

Fig. 4 shows a test sequence of the 
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information notification service (for example, on- 
hook transmission) for the NTT specification. Fig . 4 
shows a case where the testing apparatus 13 emulates 
the information reception terminal for the NTT 
5 specification. The controller 15 of the switching 
apparatus 10 is referred to the switching apparatus 
10 in the description below. 

In a step SI, the switching apparatus 10 
connects a testing path as shown in Fig. 2. First, 
10 the test access relay 12a in the subscriber line 
circuit 12 x is activated. As a result, the call 
line 20 is connected to the test line 22 1# so that 

□ the call line 20 is connected to the testing 
apparatus 13. On the other hand, the testing 

1-3 s 

S| 15 apparatus 13 determines to perform the test for the 

*0 NTT specification based on the station data and the 

!j instruction with the test start instruction supplied 

;0 from the switching apparatus. Then, the controller 

28 selects the termination impedance of the two- 
;g 20 wire/four-wire conversion circuit 27 to meet the NTT 

specification. Next, the test line 22 is set to the 
on-hook state in which the DC loop is shut down. 

□ In a step S2, the switching apparatus 10 
sends a start of testing signal to the testing 

25 apparatus 13 through the signal line 19. In a step 
S3, the switching apparatus 10 inverts the power 
polarity. In the testing apparatus 13, the power 
polarity detection circuit 29 detects a reversal of 
the polarity, then notifies it to the controller 28. 

30 In a step S4 , the switching apparatus 10 sends an 
activation signal of the information reception 
terminal after a predetermined interval (for example, 
0.1 second) is passed. Then, in the testing 
apparatus 13, the activation signal detection 

35 circuit 31 detects the activation signal and 

notifies it to the controller 28. The controller 
monitors the Interval (0.1 second) between the 
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notification of the reversal of the polarity and the 
notification of the activation signal. This 
interval is one item of the testing. 



5 instructs the on-hook/of f -hook circuit 30 to be 
hooked off after a predetermined time is passed 
since the reception of the activation signal of the 
information reception terminal and forms the DC loop 
as a first response signal. The controller 15 of 
10 the switching apparatus 10 monitors the interval (at 
most 6 second) between the sending of the reversal 
of the polarity and the reception of the first 
response signal. This interval is also one item of 
the testing. 

15 In step S6, a called line identification 

output apparatus 14 sends the predetermined FSK 
information data. The data is converted into the 
FSK signal by the subscriber circuit 12 x , and is 
input to the testing apparatus 13. The FSK signal 

20 of the NTT specification is as follows. 
Transmission rate : 1200 baud; 

Characteristics frequency : 1700 Hz +/- 10 Hz; 
Logical one (mark) : 1300 Hz +/- 20 Hz; 
Logical zero (space) : 2100 Hz +/- 20 Hz ; 
25 Output level : -14 dBm to -32 dBm; 
Parity bit : even parity. 



of the information notification service. Fig. 5 
shows an information data format using the FSK 
30 signal. Fig. 6 shows meaning of each bit of the 
control signals shown in Fig 5. Fig. 7 shows a 
transmission sequence for each type of the 
information data. 



35 signal is converted into the PCM data. Then, the 
digital signal reception and analysis part 25b 
analyzes the characteristics, such as a signal level. 



In a step S5, the testing apparatus 13 



Fig. 5 to Fig. 7 show the NTT specification 



In the testing apparatus 13, the FSK 
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a transmission rate and a frequency, of the received 
signal and a contents of the received signal. Then, 
the estimation for the test items are performed. 
After the reception operation is completed, the 
5 digital signal reception and analysis part 25b 

determines whether the on-hook transmission function 
is proper, then notifies the result to the 
controller 28. In step S7, the testing apparatus 13 
instructs the on-hook/of f -hook circuit 30 to be 
10 hooked on and shuts down the DC loop as a signal 
indicating an end of reception. 

In a step S8, the switching apparatus 
sends a ringing signal to the testing apparatus 13. 
In the testing apparatus 13, the ringing signal 
15 detection circuit 32 detects the ringing signal and 
vS notifies it to the controller 28. In a step S9 , the 

:jj testing apparatus 13 instructs the on-hook/of f -hook 

CO circuit 30 to be hooked off and forms the DC loop as 

f, a second response signal. In the step S10, the 

q 20 switching apparatus change the power polarity from a 

□ reverse polarity to a regular polarity. In the 

[;« testing apparatus 13, the power polarity detection 

□ circuit 29 detects the regular polarity and notifies 
it to the controller 28. In a step Sll, the 

25 switching apparatus 10 and the test apparatus 13 are 
in a calling state. As described above, it is 
determined whether the information notification 
service function is proper or not and the test is 
completed. In a step S12, the testing apparatus 13 

30 instructs the on-hook/of f -hook circuit 30 to be 
hooked on and shuts down the DC loop. 

In case that the switching apparatus 10 
and the test apparatus 13 are in a calling state in 
a step Sll, it is possible to finish testing after a 

35 function of voice data transmission and reception 
are confirmed. It is possible to test the voice 
data transmission and reception by means of sending 
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a test tone signal from the switching apparatus 10 
to the testing apparatus 13 and sending a test tone 
signal from the testing apparatus 13 to the 
switching apparatus 10. When the test tone signals 
5 are properly received by each of the testing 

apparatus 13 and the switching apparatus 10, the 
function of the voice data transmission and the 
reception is admitted to be correctly operating. 

Fig. 8 shows a test sequence of the 
10 information notification service for the Bellcore 
specification. This is a case where the testing 
apparatus 13 as shown in Fig. 2 emulates the 
information reception terminal for the Bellcore 
specification in which an on-hook transmission is 
15 employed. Fig. 9 and Fig. 10 show the Bellcore 
*S specification of the information notification 

I* service. Fig. 9 (A) shows the Bellcore specification 



CO for the on-hook transmission and Fig. 9(B) shows the 

: ! Bellcore specification for the off -hook transmission, 

p 20 Fig. 10(A) shows an information data format using FSK 
O signal (a single data message format) and Fig. 10(B) 

in 

shows an output format of the information data. The 
Q Bellcore specification also has a multi data message 

format. The testing apparatus 13 can also handle 

25 the multi data message format by means of only 
changing a program. 

As shown in Fig. 9(A), the FSK data are 
transmitted during long silent interval between a 
first ringing interval and a second ringing interval 

30 in case of the on-hook transmission of the Bellcore 
specification. In a step S21 as shown in Fig. 8, the 
switching apparatus 10 connects a testing path as 
shown in Fig. 2. On the other hand, the testing 
apparatus 13 determines to perform the test for the 

35 Bellcore specification based on the station data and 
the instruction with the test start instruction 
supplied from the switching apparatus. Then, the 
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controller 28 selects the termination impedance of 
the two-wire/four-wire conversion circuit 27 to meet 
the Bellcore specification. Next, the test line 22 
is set to the on-hook state in which the DC loop is 
5 shut down . 

In a step S22, the switching apparatus 10 
send a start of testing signal to the testing 
apparatus 13 through the signal line 19. In a step 
S23, the switching apparatus 10 sends a first 
10 ringing signal to the testing apparatus 13. The 

ringing signal detection circuit 32 of the testing 
apparatus 13 detects the first ringing signal and 

□ notifies it to the controller 28. In a step S24, 

the information signal is sent from the switching 

Cj 15 apparatus 10 using the voice band signal (FSK 

! *D signal) . The FSK signal of the Bellcore 

'1 specification is as follows. 

;i0 Transmission rate : 1200 baud +/- 12 baud; 

; 3 s Characteristics frequency : 1700 Hz; 

q 20 Logical one (mark) : 1200 Hz +/- 10%; 

U Logical zero (space) : 2200 Hz +/- 10%; 

I n 

Output level : -13.5 +/- 1 dBm. 



In the testing apparatus 13, the FSK 
signal is converted into the PCM data. Then, the 

25 digital signal reception and analysis part 25b 

analyzes the characteristics, such as a signal level, 
a transmission rate and a frequency of the received 
signal and a contents of the received signal. Then, 
the estimation for the test items are performed. 

30 After the reception operation is completed, the 
digital signal reception and analysis part 25b 
determines whether the on-hook transmission function 
is proper, then notifies the result to the 
controller 28. 

35 In a step S25, the switching apparatus 10 

sends a second ringing signal to the testing 
apparatus 13. The ringing signal detection circuit 



-15- 



32 of the testing apparatus 13 detects the second 
ringing signal and notifies it to the controller 28. 
As described above, it is determined whether the 
information notification service function is proper 
5 or not and the test is completed. As not shown in 
Fig. 8, the testing apparatus 13 can finish testing 
such that the testing apparatus 13 changes its state 
to the off -hook state, and then returns its state to 
the on-hook state after predetermined interval is 
10 passed. When the testing apparatus changes its 

state to the off -hook state, the switching apparatus 
10 and the test apparatus 13 are in a calling state. 
q Therefore, it is also possible to finish testing 

! *5 after a function of voice data transmission and 

in 

,j 15 reception are confirmed as described in the 

embodiment for the NTT specification. 

Fig. 9(B) shows the Bellcore specification 
i;g for the off -hook transmission. The FSK signal is 

iS transmitted in the off -hook transmission. Therefore, 

)^ 20 it is needed to disconnect the calling path which is 

□ once connected. Next, the CLI 14 of the switching 

IfS 



apparatus sends a subscriber ringing signal SAS, a 



ringing signal CAS of a subscriber information 
display apparatus. Then, the testing apparatus 13 

25 returns a acknowledge signal ACK to the switching 
apparatus 10. Next, the CLI 14 of the switching 
apparatus sends an information data using the FSK 
signal. Then, the calling path is recovered. The 
testing apparatus 13 can also emulate the off -hook 

30 transmission if the testing apparatus 13 is provided 
a reception function of the SAS signal and the CAS 
signal, a transmission function of the ACK signal in 
the voice band data processing part 25 , and a 
processing software in the controller 28. 

35 Fig. 11 shows a test sequence of the 

information notification service for the ETSI 
specification. This is a case where the testing 
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apparatus 13 as shown in Fig. 2 emulates the 
information reception terminal for the ETSI 
specification which is off -hook transmission. 
Fig. 12 shows the ETSI specification of the 
5 information notification service. 

Fig. 12(A) shows the ETSI specification for 
the off -hook transmission. Fig. 12(B) shows an 
information data format using FSK signal and 
Fig. 12(C) shows an output format of the information 
10 data after the message type as shown in Fig. 12(B). 

In a step S31 as shown in Fig. 11, the 
switching apparatus 10 connects a testing path as 
shown in Fig. 2. First, the test access relay 12a in 
the subscriber line circuit 12 x is activated. As a 
15 result, the call line 20 is connected to the test 
line 22 lf so that the call line 20 is connected to 
the testing apparatus 13. On the other hand, the 
i!y testing apparatus 13 determines to perform the test 

f for the ETSI off-hook specification based on the 

1=2 20 station data and the instruction supplied from the 

Q switching apparatuslO. Then, the controller 28 

i n 

;fJ selects the termination impedance (AC) of the two- 

q wire/four-wire conversion circuit 27 to meet the 

ETSI specification. Next, the test line 22 is set 
25 to the on-hook state in which the DC loop is shut 

down . 

In a step S32, the switching apparatus 10 
sends a start of testing signal to the testing 
apparatus 13 through the signal line 19. In a step 

30 S33, a telephone for maintenance use 51n sends a 
ringing signal to a subscriber telephone 50 1 to 
create a calling path to the subscriber circuit 12 x . 
However, this ringing signal will be received by the 
testing apparatus 13. In a step S34, the switching 

35 apparatus 10 sends a ringing signal to the testing 
apparatus 13. The ringing signal detection circuit 
32 of the testing apparatus 13 detects the ringing 
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signal and notifies it to the controller 28. In a 
step 35, the controller 28 instruct the on-hook/off- 
hook circuit 30 to be in the on-hook state and 
creates the DC loop. In a step S36, the switching 
5 apparatus 10 connects the telephone for maintenance 
use 51n with the subscriber telephone 50 x . As a 
result, the state between the telephone for 
maintenance use 51n and the subscriber telephone 
50 x is in a calling state. 
10 Then, the switching apparatus 10 starts 

testing of the off-hook transmission according to 
the sequence described in Fig. 12(A). In a step S37, 
q the switching apparatus 10 disconnects the voice 

|S path. In a step S38, the subscriber circuit 12 1 is 

15 connected to the CLI 14 and the CLI 14 sends a voice 
hQ band signal TAS (DT-AS). The TAS signal of the 

!^ Frequency : 2130 Hz and 2750 Hz +/- 0.5%; 

i;0 Output level : -15 dBm/tone +/-2 dBm, 

* (power difference between two frequencies is within 

20 2 dB); 

□ Duration interval : 80 ms +/- 5ms. 

i H 

tJ In the testing apparatus 13, the digital 

q signal reception and analysis part 25b analyzes the 

DT-AS signal. In a step S39, the testing apparatus 

25 13 sends a signal D (941 Hz + 1633 Hz) using DTMF 
(Dual Tone Multi-frequency) signal as a response 
signal TE-ACK on reception of the TAS (DT-AS) signal. 
This signal is generated by the digital signal 
generation and transmission part 25a. Then the 

30 signal is converted into an analog signal and sends 
to the switching apparatus 10. In a step S40, the 
information signal is sent from the switching 
apparatus 10 using the FSK signal. The FSK signal 
of the Bellcore specification is as follows. 

35 Transmission rate : 1200 baud; 
Logical one (mark) : 1300 Hz; 
Logical zero (space) : 2100 Hz; 
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Output level : -13.5 dBm +/- 1.5 dBm. 

In the testing apparatus 13, the FSK 
signal is converted into the PCM data. Then, the 
digital signal reception and analysis part 25b 
5 analyzes the characteristics, such as a signal level, 
a transmission rate and a frequency of the received 
signal and a contents of the received signal. Then, 
the estimation for the test items are performed. 
After the reception operation is completed, the 
10 digital signal reception and analysis part 25b 
determines whether the off -hook transmission 
function is proper, then notifies the result to the 
□ controller 28. 

:3 In a step S41, the switching apparatus 10 

m 

15 recovers the voice path, so that the calling state 
l M is recovered. As described above, it is determined 

whether the information notification service 
function is proper or not and the test is completed. 
In a step S42, the testing apparatus 13 (or 
20 telephone for maintenance use 50n ) can finish 

testing such that the testing apparatus 13 changes 

its state to the off -hook state. The switching 

u 

q apparatus 10 disconnects the testing apparatus 13. 

When the testing apparatus changes its state to the 

25 off -hook state in the step S36 and S41, the 

switching apparatus 10 and the test apparatus 13 are 
in a calling state. Therefore, it is also possible 
to finish testing after a function of voice data 
transmission and reception are confirmed as 

30 described in the embodiment for the NTT 
specification . 

Next, a second embodiment of the present 
invention will be explained. Fig. 13 shows an 
information notification service test method of the 

35 second embodiment according to the present invention, 
in which simple construction of the testing 
apparatus 13 is employed, to efficiently test the 



! S3 



-19- 



on-hook transmission function (for example, mainly 
the information data transmission function) of the 
subscriber circuit 12. 

In Fig. 13, the components having the same 
5 reference numerals as shown in Fig. 2 are the same 
components as shown in Fig. 2. A reference numeral 
12 shows the subscriber line circuit, a reference 
numeral 12a shows the test access relay and a 
reference numeral 12b shows the subscriber circuit. 
10 The testing apparatus 13 as shown in Fig. 13 is a 
testing apparatus of the second embodiment of the 
present invention. The testing apparatus 13 as 
q shown in Fig. 13 has the voice band data processing 

S part 25, the digital signal generation and 

v| 15 transmission part 25a, the digital signal reception 

v3 and analysis part 25b, the controller 28, the on- 

!lj hook/of f -hook circuit 30, the digital interface 

ZQ (DIF) 34 and a resistor having a high resistance 

including an open state. 
!*3 20 This testing apparatus 13 is mainly 

Q intended to test an information data transmission 

function. Other components for testing a 



a 

;3 transmission protocol are omitted. Therefore, a 



cost of the testing apparatus can be reduced. The 
25 controller 28 and the voice band data processing 
part 2 5 can be constructed by the programmable 
device, such as the CPU, the DSP and the FPGA as 
shown in the first embodiment, to adapt the 
plurality of the specifications by means of 
30 selecting a control software or downloading the 
control software. 

The CLI 14 is not shown in Fig. 13 because 
it is not used for testing the information data 
transmission function. However, the CLI 14 is 
35 provided in the switching apparatus. 

Fig. 14 shows a test sequence of the 
information notification service for the second 
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embodiment according to the present invention. In a 
step S41, the switching apparatus 10 connects a 
testing path as shown in Fig. 13. First, the calling 
path between the subscriber circuit 12 x and the 
5 calling path 20a and 20b are connected. Then, a 
test line 22 x of the subscriber circuit 12i is 
connected to the two wire line of the testing 
apparatus 13. The testing apparatus 13 provides a 
bias signal to the test line 22 x so as to set the 
10 on-hook state. 

Next, the switching apparatus 10 activates 
the test access relay 12a. As a result, the two- 
p wire line of the subscriber circuit 12b is provided 

?y with a bias signal so that it becomes the off -hook 

vi 15 state. Then, the two-wire line 22a is connected to 

the termination resistor R in the testing apparatus 
^ through the test line 22 x . On the other hand, the 

i;Q two-wire line of the subscriber line 21 x is provided 

; 5 with the normal bias signal if it is necessary. It 

[«3 20 is also possible to place the termination resistor R 

O in the subscriber line circuit 12 x . When the 

termination resistor R is provided in the subscriber 
line circuit 12 1# it is possible to omit the 
connection control and the components in the net 
25 work switch 11 associated with the connection 
control . 

In a step S42, the switching apparatus 10 
sends a start of testing signal to the testing 
apparatus 13 through the signal line 19. In a step 
30 S43, the digital signal generation and transmission 
part 25a of the testing apparatus 13 sends a 
predetermined digital test signal (for example, the 
PCM data using the FSK signal) to the switching 
apparatus 10. This digital test signal is received 
35 by the subscriber circuit 12b of the subscriber line 
circuit 12 x through the calling path 20a and 
converted into the analog signal (FSK signal). Then, 
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the analog signal is supplied to the two-wire line 
22a. The analog signal is completely reflected by 
the termination resistor R, then returns to the 
subscriber circuit 12b. The reflected analog signal 
5 (FSK signal) is converted to the digital test signal 
(PCM data) by the subscriber circuit 12b. Then, the 
converted digital test signal is sent to the digital 
signal reception and analysis part 25b in the 
testing apparatus 13 through the calling path 20b. 

10 In a step S44, the digital signal 

reception and analysis part 25b receives and 
analyzes the PCM data and make a decision on the 
test items. The items to be decided are, for 
example, whether the received data is identical to 

15 the transmitted data, and whether a signal level of 
the received data is within a predetermined level, 
and so on. Then, the digital signal reception and 
analysis part 25b notifies it to the controller 28. 
In a step S45, the controller notifies the result of 

20 the decision to the switching apparatus through the 
signal line 19. The testing apparatus 13 can use 
the DTMF signal as the digital test signal in place 
of the FSK signal. It is preferable to use the 
digital signal complying with a standard, for 

25 example a signal format, which is employed in the 
switching apparatus . 

Next, a third embodiment of the present 
invention will be explained. Fig. 15 shows an 
information notification service test method of the 

30 third embodiment according to the present Invention, 
which can test the information notification service 
function without a dedicated testing apparatus 13 as 
mentioned above. This embodiment uses a subscriber 
reception terminal (telephone) to test the 

35 information notification service function. 

The switching apparatus 10 as shown in 
Fig. 15 has a PBR trunk 23 which identifies a dial 
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number using a PB signal from a subscriber and 
notifies it to the controller 15, and an LRPC 
(Line/Resister Signal and Path Controller) trunk 
which identifies a dial number using a dial pulse 
5 signal from a subscriber and notifies it to the 

controller 15. These trunks are usually provided in 
the switching apparatus 10. 

On the other hand, the controller 15 
decides whether the dial number is a special number 
10 which shows the information notification service 

when a call from the subscriber information terminal 
SOi is received. If the received number is equal to 
the special number which shows the information 
uQ notification service, then the controller 15 obtains 

£| 15 the telephone number of the subscriber terminal 50 x 

up based on the information of the subscriber line 

i&y number. Then, the controller connects the CLI 14 to 

\I 

the subscriber terminal 50, after the subscriber 
is terminal 50 x is hooked on and notifies the obtained 

P 20 own telephone number to the subscriber terminal 50 x . 

Q The method for notification mentioned 

above complies with the specification employed in a 
station. Therefore, if the station employs the off- 
hook transmission, the telephone number is notified 
25 with off-hook state. 

According to the third embodiment of the 
present Invention, it is possible to easily test the 
information notification service function using the 
switching apparatus 10 and the information reception 
30 terminal 50. In case that an operator for 

maintenance is at a subscriber site, it is possible 
to test information notification service function at 
the subscriber site. Furthermore, the subscriber 
can also test the information notification service 
35 function using own terminal 50. 

Furthermore, it is convenient to know the 
own telephone number from the subscriber telephone 
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50 from the view point of the maintenance. 
Generally, for example, the subscriber line is 
connected to the station side using a jumper wire in 
an MDF (main distribution frame) . This jumper wire 
5 connection is performed manually. Therefore, it 

takes long time to connect many subscriber lines and 
miss connection might be caused. However, it is 
possible to confirm that the subscriber lines are 
connected correctly using the test method according 
10 to the present invention. As mentioned above, as 
the information terminal 50 is only used for the 
test, the operation for the test is simple. 
,» 3 Furthermore, if the a cable which has many 

subscriber lines is cut off by accident, it is 
15 possible to re-connect the cable and to confirm the 
connection of the subscriber lines using the test 
method according to the present invention. 

Next, a fourth embodiment of the present 
invention will be explained. Fig. 16 shows an 
20 information notification service test method of the 
fourth embodiment according to the present invention 

! »n which is intended to test a function of a station 

H 

side, such as the subscriber circuit, using a 
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commonly used information reception terminal 50. 

25 In Fig. 16, the information reception 

terminal 50 is provided in the switching apparatus 
in place of the testing apparatus 13. The switching 
apparatus 10 can directly connects the test line 22 ± 
of the subscriber line circuit 12 x to the 

30 information reception terminal 50 according to an 
instruction issued by the console 60. 

When the telephone 50n for maintenance use 
calls the telephone 50 1# the telephone number is 
displayed on the telephone 50 through the test line 

35 22 by the information notification service. Then, 

it is possible to call between the telephone 50n and 
the telephone 50 after the telephone 50 is hooked on, 
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After the test is finished, the connection is 
recovered according to the instruction issued by the 
console 60. 

Therefore, it is possible to test the 
subscriber line circuits 12 2 to 12n on the 
information notification services as described above. 
When it is failed to display the information on one 
subscriber terminal, it is also possible to find 
whether there is a problem on the subscriber 
terminal side or on the station side. 

Furthermore, the switching apparatus 10 
may have the own telephone number notification 
function as described in the third embodiment of the 
present invention. Then, it is possible to perform 
the test for the own telephone number notification 
function and the test of the subscriber circuit 12 1 
for the station side, separately. Therefore, it is 
easily to find where the fault is occurred, in the 
subscriber side or in the station side. 

Next, an embodiment of a demodulation 
method of the FSK signal for the NTT specification, 
the Bellcore specification and the ETSI 
specification will be explained. 

A demodulation method of the FSK signal is 
described in Japanese Laid-open Patent Application 
number 9-233135 entitled "A FSK demodulator and a 
FSK demodulation method" and Japanese Laid-open 
Patent Application number 9-233137 entitled "An FSK 
demodulator and an FSK demodulation method" . In the 
prior art, the FSK demodulator has a zero crossing 
point interval calculation means in which the FSK 
signal is first sampled and then the zero crossing 
point interval is calculated based on the sampled 
FSK signal. Then, a frequency of the FSK signal is 
decided based on the zero crossing point interval. 
As a result, a mark or a space contained in the FSK 
signal is detected using a low sampling frequency 



without causing a distortion of the FSK signal. 

In the data transmission using the FSK 
signal, a data bit of "0" and "1" corresponds to the 
mark and the space in the FSK signal. When a 
transition between the mark and the space is 
occurred at the zero crossing point of the FSK 
signal, the zero crossing point interval is equal to 
one cycle period of the FSK signal corresponding to 
either the mark or the space. However, when a 
transition between the mark and the space is 
occurred at a point between the zero crossing point 
of the FSK signal, the zero crossing point interval 
has a value between the one cycle period of the FSK 
signal corresponding to the mark and that of the 
space . 

An example described in the prior art, in 
which a center frequency is equal to 1500 Hz, a 
mark frequency is equal to 1530 Hz and a space 
frequency is equal to 1470 Hz, will be explained. 

Fig. 17 shows the FSK signal which is 
described in the prior art. Fig. 17 (A) shows the 
mark signal having the frequency of 1530 Hz and its 
zero crossing interval is equal to 326.8 Msec. 
Fig. 17(B) shows the space signal having the 
frequency of 1470 Hz and its zero crossing interval 
is equal to 340.14 Msec. Fig. 17(C) shows a case 
where the transition from the mark to the space is 
occurred at a point of one fourth period of the FSK 
signal for the mark. In this case, the interval 
between the last zero crossing point of the FSK 
signal for the mark and the first zero crossing 
point of the FSK signal for the space is 333.47 Us. 
The interval having the transition described above 
is decide to be the space based on the period of 
333.33 M s of the center frequency of 1500 Hz. 
However, the interval has the transition from the 
mark to the space as mentioned above. 
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It is needed to detect a bit transition 
point between the mark and the space and a bit 
position when each of the data bit in the FSK signal 
is decided to be "1" or "0". However, the bit 
5 transition point and the bit position is not 

considered when each of the data bit in the FSK 
signal is decided to be "1" or "0" in the prior art. 

This embodiment provides the simple and 

accurate FSK signal detection method in which the 

10 bit transition point and the bit position are 

detected by means of measuring the zero crossing 
♦ 

point interval. 
q Fig. 18 shows an embodiment of an FSK 

UP demodulator 1801 and Fig. 19 shows another embodiment 

15 of an FSK demodulator 1901 of the present invention. 
The demodulator 1801 is used to demodulate a digital 
^ FSK signal. On the other hand, the demodulator 1901 

i; rj is used to demodulate both the digital FSK signal 

and an analog FSK signal. The demodulator 1801 has 
! *~ 20 a digital signal reception and analysis part 1802. 
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The digital signal reception and analysis part 1802 
has a zero crossing point calculation means 1810, a 
zero crossing point interval calculation means 1811, 
a mark/space transition point calculation means 1812, 

25 a bit point calculation means 1813 and a bit 
decision means 1814. 

Fig. 19 has the digital signal reception 
and analysis part 1802 and an A/D conversion means 
1905 which converts an analog FSK signal to a 

30 digital FSK signal and a switch 1906. The digital 
signal reception and analysis part 1802 is the same 
as that in the FSK demodulator as shown in Fig. 18. 
When the analog FSK signal is supplied to the FSK 
modulator 1901, the analog FSK signal is converted 

35 to the digital FSK signal by the A/D conversion 

means 1905 and the digital FSK signal is supplied 
the digital signal reception and analysis part 1802 



-27- 



through the switch 1906. On the other hand, when 
the digital FSK signal is supplied to the FSK 
modulator 1901, the digital FSK signal is supplied 
to the digital signal reception and analysis part 
5 1802 through the switch 1906. 

Next, an operation of the FSK demodulator 
1901 to demodulate the FSK signal having the NTT 
specification will be explained. In the description 
hereinafter, parameters are as follows: 
10 - Transmission Speed : 1200 baud (bps), 

- Center frequency : 1700 Hz, 

- Mark frequency : 1300 Hz, 

- Space frequency : 2100 Hz, 

- Sampling period : 125 Us, 

15 - The sampled digital signal is DC free, 

- The digital signal supplied to the digital signal 
reception and analysis part 1802 is 8-bit M-255 PCM 
data. It is assumed that a magnitude of the digital 
signal is expressed by an integer value decoded from 

20 the 8-bit /z-255 PCM data, in the description 

hereinafter. The value of the integer is less than 
or equal to 8159. The decoding is first performed 
in the digital signal reception and analysis part 
1802 . 

25 The digital signal reception and analysis 

part 1802 processes the digital FSK signal as follow, 

Step (1): Zero crossing point calculation 

Fig. 20 and Fig. 21 show the operation of 

30 the zero crossing point calculation means 1810. The 
zero crossing point calculation means 1810 
calculates a time of the zero crossing point in the 
input digital FSK signal. Fig. 20(A) shows the input 
analog FSK signal. Fig. 20(B) shows the digital FSK 

35 signal which is a sampled signal of the analog FSK 
signal sampled by the A/D conversion means 1905 as 
shown in Fig. 19 with the sampling period T. As 
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shown in Fig. 20(B), the zero crossing point exists 
between two successive samples of the digital FSK 
signal when each of the two successive samples has 
an opposite polarity with each other. Fig. 20(C) 
5 shows where each of the two successive samples has 

an opposite polarity with each other. Points PI, P2, 
P3 and P4 are the zero crossing points. Each of the 
zero crossing points are calculated using a linear 
approximation. In the linear approximation, each of 
10 the two successive samples having the opposite 
polarity with each other is connected with a 
straight line, and the zero crossing point is 
,«| calculated as a point at which the straight line 

! t Q crosses the zero level. Fig. 21 shows a case where 

15 the zero crossing points PI and P2 are calculated. 
s.g The sampled value at times tl, t2, t4 and t5 are - 

v3 326, 225, 361 and -183, respectively. The 

calculated time of the point PI is 0.59T from the 
ii point tl and the calculated time of the point P2 is 

^1 20 0.66T from the point t4, where T shows the sampling 

1*3 period. Generally, when a sample has the value m at 

i«n the point tm and a successive sample has the value n 

at the point tn, the zero crossing point is 
calculated from an equation of | m | X t/ | m-n | . If the 
25 digital signal is equal to zero, the time at which 
the digital signal is sampled is the zero crossing 
point. 

Step (2): Zero crossing point interval calculation 
30 Next, an operation of the zero crossing 

point interval calculation means 1811 will be 
explained. The zero crossing point interval 
calculation means 1811 calculates the interval 
between the successive zero crossing points. In 
35 Fig. 21, the interval between the point PI and the 
point P2 is corresponds to the zero crossing point 
interval between the successive zero crossing points. 
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In this case, the zero crossing point interval is 
3.07T. The zero crossing point interval is the 
interval between the successive zero crossing point 
of the FSK signal, and basically corresponds to a 
5 half period of the FSK signal. 

Step (3): Mark/space transition point calculation 

Fig. 22 shows an operation of the 
mark/space transition point calculation means 1812. 
10 The mark/space transition point calculation means 

1812 calculates a transition point between the mark 
and the space by means of measuring the zero 
r ^ crossing point interval. 

,p The data format, the control signals and 

^ 15 the output format of the NTT specification are 

described in Fig. 5, Fig. 7 and Fig. 7. As shown in 
*EJ Fig .7(A) , a preceding data of the first start bit is 

the mark bit. The start bit is placed in front of 
s the 8-bit data and the stop bit is placed after the 

20 8-bit data. As the stop bit is the mark (logical 

:'3 

:g "1"), the preceding bit just before the start bit 

e fl for any 8-bit data is the mark (logical "1"). As 

;3 the start bit is the space (logical "0"), it is 

needed to detect a point at which the transition 
25 from the mark to the space is occurred to detect the 
position of the start bit. 

In case of the NTT specification, the mark 
(logical "1") corresponds to the frequency of 1300 
Hz and the space (logical "0") corresponds to the 
30 frequency of 2100 Hz. Therefore, the zero crossing 
point interval corresponding to the mark is 3.08T 
(384. 6 Ms) and the zero crossing point interval 
corresponding to the space is 1.09T (238.1ms). 
Then, the zero crossing point interval between 2.77T 
35 and 3.38T is decided to be the mark and the zero 

crossing point interval between 1.71T and 2.10T is 
decided to be the space. In this values, a margin 
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of 10% is included for the detection. 



Fig. 22 shows variations of the zero 
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crossing point intervals according to variations of 
the transition points from the mark to the space. 
5 Fig. 22(A) shows a case where the transition from the 
mark to the space is occurred at the time of a half 
period of the mark frequency (1300Hz), Fig. 22(B) 
shows a case where the transition from the mark to 
the space is occurred at the time of three eighth 

10 period of the mark frequency (1300Hz). Fig. 22(C) 
shows a case where the transition from the mark to 
the space is occurred at the time of a quarter 
period of the mark frequency (1300Hz). Fig. 22(D) 
shows a case where the transition from the mark to 

15 the space is occurred at the time of one eighth 

period of the mark frequency (1300Hz). Fig. 22 (A) 
also shows a case where the transition from the mark 
to the space is occurred at the zero crossing point . 
As shown in Fig. 22, the zero crossing point 

20 intervals are 3.08T, 2.78T, 2.49T and 2.20T, 

respectively. The zero crossing point interval has 
a value between the half period of the mark 
frequency and that of the space frequency according 
to the transition point from the mark to the space. 

25 The transition point from the mark to the 

space can be calculated using the zero crossing 
point interval. When the transition point exists 
between the successive zero crossing points, an 
interval w between the preceding zero crossing point 

30 and the transition point is as follows; 
w = (2.625X r )-5, 

where r and w are measured in the sampling period T 
= 125 lis. 



35 detect when the transition from the mark to the 
space is occurred by measuring the zero crossing 
point interval r. An calculation procedure of the 



Therefore, it is possible to accurately 
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mark/space transition point is as follows. 

(a) When a signal level of the FSK signal 
is more than a predetermined level, the zero 
crossing point calculation (1) and the zero crossing 
5 point interval calculation (2) are performed. When 
the signal level of the FSK signal is less than a 
predetermined level, the zero crossing point 
calculation (1) and the zero crossing point interval 
calculation (2) are not performed, 
10 (b) The procedure (a) is repeated until 

the mark is detected based on the zero crossing 
point interval calculation. When the zero crossing 
;S5 * point interval becomes between 2.77T and 3.38T, the 

! s g mark is detected. 

15 (c) After the mark is once detected, the 

,fs procedure (b) is repeated until the zero crossing 

point interval becomes between 2.10T and 2.77T. 
s 2 When the zero crossing point interval becomes 

a between 2.10T and 2.77T, it is decided that the 

20 transition exists in the zero crossing point 

5 -3 

interval. Then, the transition point is calculated 
i,n based on the equation described above. When the 

zero crossing point interval becomes between 1.71T 

and 2.10T, it is decided that transition from the 
25 mark to the space is occurred at the zero crossing 

point. Therefore, it is not needed to calculate the 

transition point. 

As mentioned above, the transition point 

from the mark to the space is calculated. Fig. 23 
30 shows a relation between the transition point from 

the mark to the space and the data bits, in which 

the FSK signal is enlarged. A point A in Fig. 23 

shows the transition point from the mark to the 

space . 



35 



Step (4): Bit position calculation 

Next, the bit position calculation means 



-32- 



p 



1813 calculates the bit position based on the 
transition point. The bit position calculation 
means 1813 can accurately decide each of the bit 
positions of the subsequent 8-bit data based on the 
5 transition point from the mark to the space because 
the transition point corresponds to the point where 
the start bit begins. In this embodiment, one 
period of the data bit is 6.67T (833. 33 Ms) because 
the transmission rate is 1200 bps. Fig. 24 shows 
10 each bit position from the point A where the start 
bit begins. As shown in Fig. 24, each boundary 
between successive bits is accurately identified so 
that each bit position can also be detected 
accurately . 
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Step (5) : Bit decision 

The bit decision means decides each bit of 
the data based on the position determined by the bit 
position calculation means 1813. The decision 
20 whether the FSK signal shows the mark or the space 
is performed at the position determined by the bit 



iff position calculation means 1813. The decision 

.sis* 

:^ whether the FSK signal shows the mark or the space 

is performed by the calculation of the zero crossing 

25 point interval as described above. 

The position of the point A is affected by 
an actual transmission rate, a variation of the mark 
and the space frequencies because it is calculated 
by the zero crossing point interval. Therefore, the 

30 bit position calculated by step (4) may have an 

error. Therefore, it is preferable to perform the 
bit decision during periods Rl to R8 and Rs to avoid 
the erroneous bit decision performed at the boundary 
between successive bits. Each period from Rl to R8 

35 and Rs provided with IT margin is as follow. 
Rl : 7. 67T~12. 33T 
R2 : 14 . 33T~19 . 00T 
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R3 : 21 . 00T~25 . 67T 
R4 : 27 . 67T~32 . 33T 
R5 : 34.33T~39.00T 
R6 : 41 . 00T~45 . 67T 
5 R7 : 47 . 66T~52 . 33T 
R8 : 54.33T~59.00T 
RS : 61.00T~ 

In Fig, 24, a point B is a start point to 
repeat the process from the procedure (b) in the 
10 step (3). The demodulation of the FSK signal is 
easily achieved by repeating the process. As a 
result, it is possible to provide the simple and 
SB - accurate FSK signal demodulation method. 

t Q The FSK signal demodulation method for the 

15 NTT specification is described above. However, the 
£ digital signal reception and analysis part 1802 can 

i3 be applied to demodulate the FSK signals for the 

Bellcore specification and the ETSI specification. 

The transmission rates of the Bellcore 
;j; 20 specification and the ETSI specification are the 

^ same transmission rate of 1200 bps as the NTT 

specification. The start bit (mark) is provided in 
front of the first bit of the 8-bit data and the 
stop bit (space) is provided after the last bit of 
25 the 8-bit data. Furthermore, in the ETSI 

specification, the mark frequency is the same 
frequencies as the NTT specification and the space 
frequency is also the same frequency as the NTT 
specification. Therefore, the FSK demodulation 
30 method for the NTT specification can be applied to 
the FSK signal of the ETSI specification. In the 
Bellcore specification, the mark frequency is 1200 
Hz and the space frequency is 2200 Hz. Therefore, 
the mark and the space frequencies of the Bellcore 
35 specification are different from those of the NTT 

specification. However, from the view point of the 
FSK demodulation, the zero crossing point intervals 
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are only different from those in the NTT 
specification. Furthermore, each bit position from 
the transition point where the transition from the 
mark to the space is occurred is the same position 
5 as the NTT specification. Therefore, the FSK 
demodulation procedure or the FSK demodulation 
algorithm are the same as those for the NTT 
specification. As a result, it is possible to adapt 
the FSK demodulation method for the NTT 
10 specification to the Bellcore specification and the 
ETSI specification by modifying a threshold values 
of the zero crossing point interval to decide the 
■*s bit and the equation to calculate the value w. 

■ t Q These modification is easily achieved using 

'1=1 

"j 15 programmable devices. Especially, it is possible to 

,g adapt all the specification by constructing the 

* y digital signal reception and analysis part 1802 

*g using, for example, a DSP (digital signal processor) 

i or an FPGA (field programmable gate array). 

!^ 20 Next, an embodiment of the present 

3 invention in which the FSK demodulation method is 

.n applied the information notification service testing 

;5 apparatus. Fig. 25 shows a construction of the 

issr 

embodiment of the information notification service 
25 testing apparatus. The component having the same 
reference numeral is the same component. The 
digital signal reception and analysis part 1802 
having the FSK signal demodulator as described above 
is provided in the information notification service 
30 testing apparatus 13. 

First, the CLI 14 outputs the digital FSK 
signal (PCM signal). The digital FSK signal output 
from the CLI 14 is supplied to the testing apparatus 
13 through the NSW 10. In the testing apparatus 13, 
35 the digital signal reception and analysis part 1802 
receives and demodulates the FSK signal. Then, the 
data represented by the FSK signal output from the 
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CLI 14 and the data demodulated from the FSK signal 
by the testing apparatus 13 are sent to a personal 
computer 2501 through an interface CIF 2501. Then, 
both data are compared in the personal computer 2501* 
If data demodulated from the FSK signal by the 
testing apparatus 13 matches the data represented by 
the FSK signal output from the CLI 14, then it is 
decided that the FSK signal transmitting function of 
the CLI 14 is proper. 



the specifically disclosed embodiments, and 
variations and modifications may be made without 
departing from the scope of the present invention. 



Japanese priority application No. 11-285012 filed on 
October 06, 1999, the entire contents of which are 
hereby incorporated by reference. 
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